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A�¡£X �°*ÂP '®3�u¥O¢ ¢9©>©�¥S�$¹"¢�¶%©A�-°S¬�� ¯ ¤Z *�$µ��-£@³l?ðÐ`¤
A� p¥Z°�¢�¤i�;®3¶ �u¤I©pª¢�¤i�!©�¢�¤i�u� �u¤"©pªÓ?ðÐ`¤
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V1

V2 V4V3
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(a) Point Set (b) Boundary of Point Set (c) Modified Boundary

(d) Winding Numbers (e) Point Set from 
    Winding Numbers

(f) Closure of Point Set
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(b) Find Self-Intersections
    and Separate Surfaces
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1
0
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(c) Calculate Winding 
        Numbers

(a) Boundary Representation

(d) Remove Unwanted 
       Surfaces
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v3

v2

v1

v4

f123f134

v1: (0, 0, 2.8)
v2: (0, 2, 0)
v3: (1.7, -1, 0)
v4: (-1.7, -1, 0)

f123: {(mark,a)}

f234: {(mark,a)}
f134: {(mark,a)}
f124: {(mark,a)}

state: done

Ø Ù�ÚeÛÝÜ*Þ=õ�à�õ�â ä ¥�$¥S$¢�¡ »�e£P©p��¡° �
¿w©��K����$¦Z£P¢��y p¢��©�¥A«i¦i��«g©O£��-£u³S¶%� ¶%M���Z¦Z£��! !¢��u¢��3 p¤i�-°S��©�¥> �£�¢�¤i� �¥S$¢�¡ *�Z£�©p�M¡°A©pªU©�¦i�v�3½w p§.«S�$� ¬��y ^§>§/ p� �¾ ¤S¡£%¢9�u¢��y p¤i�-°S��©'¥U³B£P¤i©»¶4¥�$¥I¿e$¬�¦i��� ÆO�qÆ ³�(£%���u«i���-£��u¥S¢��-°�¨O¹�¢�¤i�!¨ ¯ ¬��y ^«i¤"«i���-£��u¥S¢��-°�$¥I¿e�¬�¦i��� ÆO�Ôôw�
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Ú �3 p«i¤ � ©'¢y p¢�$©p¥ ´ �3�¡ p¢P$©�¥Z *� � ©�¢y p¢��©»¥� ©i°S�-£
� � ôFE � â � tä �y®u£ â � # � � X t � õ ï o â � # � � X tÚ �u©�§>�u¢9��¹ [ â6² t Ë Ö ö 3$# #/"�% â6² � Ö tÙU p¨Z�3�(£ â V � ² t � ` â � t ù o�p ø�ù â � � V � ² tö ¢y p¢�� h Ë x û�� o ��ø â x t
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Ø Ù�ÚUÛUÜ*ÞQõ�àCBeâ�¾ ¤i�X$§.«S��¡®9$¢ #/�$�qø�" ö ���3�¡ ^¢�$©�¥ �
���3�¡ p¢P$©�¥"¨Z�u¢�¶%�u�u¥Q p¥I�-°S¬'� ¯ ¤Z *��ªN ^¥Z°I¢9¤i�:µ��u��¢9�3½Ã �£�£�©i®9¡ p¢��-°�¢�©.$¢y£4©�¢�¤i�u�X�-°S¬�� ¯ ¤Z *��ª�³i(£! /®3©�¥pÂ�¦i¥Z®3¢�$©'¥I©pª¢�¤i� ,*!8+��#� �#+ ���3�¡ ^¢�$©�¥" p¥Z°"¢9¤i� �%'*)n� + � �9�3�¡ p¢�$©'¥ â

#/�$�qø�"zy+ö¸�1-/��÷ �
ø�" ��ø�Z5!|{@}#$�/�fø�"~ySø��·�1-/��÷9C��/�fø�"�-$�&!�÷ø,% ü ø���y�ö��<C��/�fø�" -,��÷ �
ø�" ��ø�Z5!|�
ö $§A��( p���$¹�³K¶%�"�3½B«i�9�-£�£>¢9¤i���$�u¥i¬�¢�¤×©pª: p¥×�-°S¬�� ¯ ¤Z »��ª1 '£A¢�¤i�I°'¡£�¢3 p¥Z®3�"¨Z�u¢�¶%�u�u¥×¢�¤i�Ã®3©S©��y°'�¥Z p¢��-£�©pª!¢�¤i�µ��u��¢�(®3�-£  �£�£�©i®9¡ p¢9�-°>¶%�¢�¤/¢9¤Z p¢ �-°S¬�� ¯ ¤Z *�Mª� p¥Z°ì$¢y£v©�¢�¤i�u�4�-°S¬�� ¯ ¤Z *��ª â
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Eh V1V2

Distance

Ø Ù�ÚeÛÝÜ*Þñõ�àCXUâv¾ ¤i�X�$�u¥i¬�¢�¤"©^ª� p¥"�-°S¬'� ¯ ¤Z *��ª �
ø���y�ù ø�; ü �$�=��-/�3÷ ��ø�; ü �/�&!�{�}ø,% ü ø���y�ö��1-$�3÷ ��(,!�÷#$�/�qø�"~y�ö��1-$�3÷ ��+	!�÷%
ÿ�û�� o ;53=øly�ö�����(q÷ ��+/÷K��ø�; ü �/�&!��

¶ ¤i�u��� %
ÿ�û�� o ;53=ø ö â�H ��� Hºß ��� ´���� GM")t ®u *�¡®3¦S�¡ p¢9�-£!¢�¤i�/Ð�¦Z®9��¡°S�- p¥8°'¡£�¢y p¥Z®3�.¨Z�u¢�¶%�u�u¥c¢�¤i��®3©O©��3°'$¥Z p¢��-£X©pª¢�¶%©;µ'�u��¢�¡®3�-£lH �  p¥Z°KH�ß �
Õ ¥"¢�¤S¡£v¶  *¹�³B°'�µ��u�y£��X¬��y p«i¤"®3©�¥Z°'$¢P$©�¥Z£% p¥Z°"®3©�¥Z°'$¢P$©�¥Z£v©�¥"¢�¤i�!¬��u©'§>�u¢���¹/®u ^¥/¨g�;®3©�§A¨S$¥i�-°�¢�©�ª(©���§¤S$¬�¤i�u�N�$�uµ��3�J®3©�¥Z°'�¢�$©�¥Z£ �vö ©�§.�!©pªJ¢9¤i�-£��:®3©�¥Z°'$¢��©�¥Z£�$¥Z®9�$¦Z°S� â

.8¢�¤i� ùqæ � ï'è�ø�ë ©pª`�-°S¬��-£�â� �£ °S�u§>©�¥Z£P¢��y p¢��-° t ³f� ç6æ � ë ©^ªsª� �®3�-£u³ å � ùqê 	 æ@ë  p¥Z°0	�� ë3ëuæuë ©pª�£�©p�M¡°i£�³
.s��� ï'ù_æ@ë ¨Z�u¢�¶%�u�u¥"�-°S¬��-£X p¥Z°.ª� �®3�-£�³
.s� ç  æ � è � è ���� ë ©^ªsª� �®3�-£  p¥Z°�£�©p��(°i£�³
.s),����
)5 î'æ � è ³�),� ù �� æ � ç ©'��),� 2�ù ���
� ç µ��u��¢P¡®3�-£u³S�-°S¬��-£X p¥Z°.ª] '®3�-£�³
.8¢�¤i�6) æ � è(æ*ç�ë ©^ªJ�-°S¬��-£@³Sª] '®3�-£  p¥Z°"£�©p�M¡°i£�³
.8¢�¤i�6	���	 æ � è �9�G�� æ*çyè ��!©pªKª� �®3�-£  p¥Z°"£�©^��¡°i£�³
.s$� è(æ-ç9ëðæ ) è ���� ë ©pªv��$¥i�-£u³�«S�¡ ^¥i�-£u³s£�¦i�Pª] �®3�-£@³U�-°S¬��-£u³gª� �®3�-£u³K p¥Z°Q£�©^��¡°i£u³w$¥Z®9�$¦Z°'$¥i¬"¢9¤B�5$¥O¢9�u�y£��-®3¢�$©'¥I©pª¢�¶%©G£�©^��¡°i£Qâ6üv©S©p�$�- p¥X�¥O¢��u�3£��-®3¢�$©�¥ t  p¥Z° ëðæ*ù �7LM�� è(æ*ç�ëuæ ) è $���4©pªZ G£�©^��¡°�â�¦i¥Z p��¹X$¥S¢��u�y£��-®3¢P$©�¥ ¯ °S�-£9®3��$¨Z�-°�( p¢��u�v$¥"¢�¤S¡£v¢�¤i�-£6¡£ t �
ä £�$¥i¬p���I®3©�¥Z°'$¢�$©'¥×§/ *¹c¨g�Ã¦Z£P�-°×¢�©Q�3½i«i���-£�£.¢�¤i�=®3©�¥Z°'$¢�$©'¥Z£A©pª: p¥×$¥SºZ¥S�¢��I£��u¢�©pªV¬'�y p«i¤Z£A¦Z£��¥i¬���-®3¦i�y£��µ��Ã°S�3ºZ¥S$¢P$©�¥Z£ � ä ��¢��u��¥Z p¢��3��¹�³\ Q®3©'¥Z°'$¢�$©�¥d§/ *¹c§� p¢y®9¤×¬����- p¢���¹Qµ» p�P$�-°×¢�©'«Z©p�$©'¬�¹c¬'�y p«i¤Z£A¦Z£��¥i¬£��uµ��u�y »�e®9�( p¦Z£��-£%¶%�¢�¤"¢�¤i�:£� p§.�!¤i�- �° �
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